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Abstract  

A spaceborne  atmospheric  radar must be  designed  to  provide a de tec t ab le  
s i g n a l  from dis tan t ,   weakly   re f lec t ing   a tmospher ic   t a rge ts .   This   requi res  
maximizing  the  received  signal  while  minimizing  noise  and  interfering  signals.  
For downward looking  systems a par t icu lar   concern  is  i n t e r f e r i n g ,   o r   c l u t t e r ,  
s i g n a l s  from the   ea r th ' s   su r f ace .   S ince   su r f ace   s ca t t e r ing   can   be  much 
s t ronge r   t han   s ca t t e r ing  from  atmospheric  targets, a q u a n t i t a t i v e   a n a l y s i s  of 
c l u t t e r  must  be made. Previous  analyses of t h i s  problem  have  dealt   with 
c l u t t e r  due t o   t h e  same pulse   as   that   i l luminat ing  the  a tmosphere.   This  is 
of  concern when the  antenna is scanned  off  nadir.  However, a more complete 
analysis   should  take  into  account   other   radar   pulses  as w e l l .  In   genera l ,  
t he   r ada r  w i l l  simultaneously  receive  echoes from a l l  t a r g e t s  which d i f f e r  
i n   r ange  by an   i n t ege r   mu l t ip l e  of  c/2PRF,  where c is the  speed  of   l ight .  
This is just   the   range  ambigui ty   problem common t o  a l l  r a d a r s .   I n   t h i s  
problem  these  ambiguities come from annul i   ly ing  on t h e   e a r t h ' s   s u r f a c e ,  
weighted  by  the  antenna  pattern.  A complete   t reatment   of   surface  c lut ter  
due to   an tenna   s ide lobes  is presented  here .  It  inc ludes   re turn  from a l l  such 
annu l i ,  due  both  to   the  current   pulse   and  previous  pulses .  It  a l so   t akes  
antenna  scanning  into  account  and  includes  interference from pulses  
t ransmi t ted   a f te r   the   pu lse   i l lumina t ing   the   a tmosphere .   F ina l ly ,   the  
ana lys i s   p resented   here   inc ludes   the   e f fec ts   o f   Doppler   sh i f t ing   and   f in i te  
receiver  bandwidth.  

The theory is  evaluated  for  several  radar  systems  and  comparisons  with  data 
are shown. Of p a r t i c u l a r   i n t e r e s t  i s  a p p l i c a t i o n   t o   t h e  Cloud P r o f i l i n g  
Radar (CPR)  on the  proposed  Cloudsat  Mission. It  i s  shown that   an  antenna 
with low s ide lobes  is needed. It  is a l s o  shown tha t   the   an tenna   s ide lobe  
requirements   can  be  re laxed  by  applying  f requency  divers i ty .   In   this  
approach  the  receiver  tracks  the  frequency  used  to  i l luminate  the  atmosphere;  
c l u t t e r  a t  o ther   f requencies  is r e j e c t e d ,   s u b s t a n t i a l l y   r e d u c i n g   c l u t t e r .  
This  approach w i l l  be  implemented on CPR. 
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